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1. I n t r o d u c t i o n  

T h e  Automated Task Scheduler (ATS) i s  a computer 
program that nas  Deen developed t o  exp lo re  t h e  p o t e n t i a l  of 
a s i m p l i f i e d  schedul ing  algorithm for  f l i gh t -p l ann ing  
a p p l i c a t i o n s .  The  f irst  vers ion  of t h i s  program schedules  
t a s k s  au tomat i ca l ly  i n  a batch mode. Subsequent modi f ica t ions  
t o  the program have made it compatible w i t h  an I n t e r a c t i v e  
Schedule Generator (ISG) 8 which pe rmi t s  t h e  f l i g n t  p lanner  
t o  schedule  or erase t a s k s  i n d i v i d u a l l y  on an i n t e r a c t i v e  
basis. Batch schedul ing  of o t h e r  tasks can be done by the  
modified ATS on the same t imel ine.* 

T h i s  memorandum repor t s  a demonstrat ion of t h e  first 
v e r s i o n  of  t h e  ATS on a r e p r e s e n t a t i v e  schedul ing  problem. 
Objectives of t h e  demonstration t a s k  were t o  schedule  a t  
l eas t  a p o r t i o n  of every experiment ass igned  t o  the SL-2 
mission w i t h i n  a man-month of  f l i gh t -p l ann ing  t i m e .  
is a br ie f  d e s c r i p t i o n  of the  r e s u l t i n g  t i m e l i n e  and t h e  
manner i n  which t h e  ATS w a s  used i n  developing it. 

Following 

2. SL-2 Timeline 

A number of previous s t u d i e s  were available upon 
which t o  base schedul ing  of h igh -p r io r i ty  medical, ATM, and 
EREP experiments for SL-2.** These s t u d i e s  assume an SL-1 
launch a t  9:30 a.m., November 9 ,  1972.  Although t h e  c u r r e n t  
launch date f o r  SL-1 i s  A p r i l  30, 1973, t h e  earlier launch 
date is  s t i l l  broadly  r e p r e s e n t a t i v e  of the  types  of 
s chedu l ing  problems encountered on any Skylab mission. 

*These t w o  ve r s ions  of t h e  ATS have been documented 
by the program au thor ,  A. B. ijaker, i n  References 1 and 2. 

**  ATM - Apollo Telescope Mount. 
CREP - E a r t h  Resources Cxperiment Package. 
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One of  t h e s e  s t u d i e s ,  Reference 3 ,  recommends t h a t  
t h e  beginning of s l e e p  occur  a t  8:OO p.m. LST dur ing  SL-2 
i n  order t o  nave a l l  p o t e n t i a l  EREP o p p o r t u n i t i e s  occur  
du r ing  t h e  "af ternoon" po r t ion  of  the crew day. This p l a n  
permi ts  a s e q u e n t i a l  t r i a l  of M092, bIO33, and 11171 ( o r  IW92, 
KO93 only)  t o  oe sclieduled i n  t h e  la te  "morning" of t h e  c r e w  
day wi thout  i n t e r f e r i n g  wi th  CREP.* Reference 4 iiotes t h a t  
a maximum number of ATM o p p o r t u n i t i e s  can be obta ined  t h a t  
each permit  a f u l l  f i f t y  minutes o f  so l a r  ATM obse rva t ions  
i f  s l e e p  can be scheduled up to  plus or minus th i r ty -one  
minutes away from t h e  nominal t i m e  on some days. Other 
ground r u l e s  and assumptions used i n  t h i s  s tudy  may be found 
i n  Table I. 

Coro l l a ry  experiments w e r e  Scheduled w i t h i n  t h e  
g e n e r a l  framework e s t a b l i s h e d  f o r  medical ,  ATM, and EREP 
experiments.  Major requirements a f f e c t i n g  t h e  schedul ing  
of  c o r o l l a r y  experiments w e r e  ob ta ined  from the October 1970 
d a s e l i n e  Reference F l i g h t  P l a n  (Reference 6 )  and c u r r e n t  
v e r s i o n s  of  Experiment Requirements Documents (EHD's). T i m e  
w a s  n o t  available t o  make a d e t a i l e d  check of a l l  
requirements ,  o u t  an a t tempt  was made t o  cons ide r  as many 
requirements  as p o s s i b l e  t h a t  were known t o  liave a s i g n i f i c a n t  
e f f e c t  on schedul ing.  

The month a l l o t t e d  f o r  schedul ing  tasks  w a s  s p e n t  
almost e n t i r e l y  on the  mechanics of prepar ing  and p rcccss ing  
iiTS runs.  Due t o  the p res su re  of t i m e ,  a few experiments 
w e r e  n o t  e x p l i c i t l y  scheduled i n  t h e  f i n a l  t i m e l i n e ,  a l though 
o p p o r t u n i t i e s  had been provided fo r  them i n  p lanning  the  
schedule .  T a b l e  I1 l ists  a l l  experiments t ha t  w e r e  e x p l i c i t l y  
scheduled,  and Table I11 shows mission days on which t h e s e  
experiments are scheduled i n  t h e  t ime l ine .  Table I11 also 
lists other  i n - f l i g h t  experiments t h a t  w e r e  ass igned  t o  t h e  
Skylab program when t h i s  s tudy  w a s  performed. Experiments 
i n  this l i s t  tha t  were n o t  e x p l i c i t l y  scheduled have a comment 
i n d i c a t i n g  whether o p p o r t u n i t i e s  w e r e  a v a i l a b l e .  

*At t h e  t i m e  this s tudy  was performed, 1.1092 and NO93 
r e q u i r e d  t r i a l s  every t h i r d  day f o r  each crewman, and fill71 
w a s  t o  be performed f i v e  t i m e s  dur ing t h e  mission f o r  each 
crewnian. These requirements c a n  be m e t  by schedul ing  one 
t r i a l  of  M092/!1093 every day with a r o t a t i o n  of crewmen 
s e r v i n g  as subject. 11171 is performed a f t e r  I1393 on f i v e  
of  these tr ials p e r  s u b j e c t  during t h e  mission. Yne new 
requirement  is  tha t  14171 simply r e p l a c e  ria93 whenever it 
is  performed. Tile data obtained from l ; i71  i s  now deemed 
t o  f u l f i l l  the 1.1093 requirements on those days. 



TABLE I 

GROUNDRULES AND ASSUMPTIONS 

LAUNCH TIMES: 

MISSION DURATION: 

MISSION DAYS: 

SLEEP TIMES: 

0 SL-1: 9 ~ 3 0  AM EST, NOVEMBER 9,1972 

0 SL-2: -9:OO AM EST, NOVEMBER 10,1972 

0 UP TO 28 DAYS FROM SL-2 LIFTOFF 

DAY 1 BEGINS AFTER THE FIRST SLEEP PERIOD 

DAYS 0 - 1 ARE RESERVED FOR SL-2 LAUNCH, RENDEZVOUS WITH THE 
WORKSHOP, AND WORKSHOP ACTIVATION 

DEACTIVATION, AND CREW RETURN TO EARTH IN THE CM 
DAYS 26 - 28 ARE RESERVED FOR ATM FILM RETRIEVAL, WORKSHOP 

0 ONLY DAYS 2 - 25 ARE EXPLICITLY SCHEDULED 

AN EIGHT-HOUR SLEEP PERIOD FOR ALL THREE CREWMEN IS NORMALLY 
SCHEDULED BETWEEN 8:OO PM EST AND 400 AM EST 

AS f 31 MINUTES ON SOME DAYS TO MAXIMIZE THE NUMBER OF ATWEREP 
OPPORTUNITIES THAT FALL ENTIRELY WITHIN WORKING HOURS 

SCHEDULING OF THE EIGHT-HOUR SLEEP PERIOD CAN VARY BY AS MUCH 

CREW WORKING HOURS: 0 CREW WORKING HOURS BEGIN TWO HOURS AFTER THE CREW AWAKENS AND 
END AT THE START OF DINNER, FOUR HOURS BEFORE THE BEGINNING OF 
THE NEXT SLEEP PERIOD 

0 A LUNCH PERIOD (ONE HOUR) AND M071 (.5 HOUR) IS SCHEDULED AT FOUR 
HOURS f ONE HOUR AFTER THE WORKING DAY BEGINS 

0 4.5 MAN-HOURS ARE RESERVED FOR SYSTEMS HOUSEKEEPING AND 1.5 MAN 
HOURS ARE RESERVED FOR CREW PERSONAL HYGIENE DURING WORKING 
HOURS 

M092, M093, M171: 

DAYS OFF 

E R EP EXPERIMENTS 

ATM EXPERIMENTS 

0 ONE SEQUENCE OF EXPERIMENTS M092, M093, MI71 (OR M092, M093) IS 
SCHEDULED EACH DAY (DAYS 2 - 251, ROTATING SUBJECTS ON DIFFERENT 
DAYS 

0 DAYS 8,15, AND 22 ARE DAYS OFF FROM SCHEDULED EXPERIMENTS EXCEPT 
FOR M071, M092, M093, AND MI71 

0 TIME IS RESERVED FOR NINE EREP PASSES 

0 ONE-MAN TIME IS RESERVED FOR ATM EXPERIMENTS DURING EACH OPPOR- 
TUNITY OCCURING WITHIN WORKING HOURS OR WITHIN A TWO-HOUR PERIOD 
IN THE "EVENING" PORTION OF THE CREW DAY, EXCEPT DURING DAYS OFF 
OR DURING A P A S  RESERVED FOR EREP 

0 LUNCH IS NOT EXPLICITLY SCHEDULED FOR THE CREWMAN ASSIGNED TO 
ATM 

0 ATM EXPERIMENTS MAY BE PERFORMED ON DAYS OFF IF THERE IS A SOLAR 
FLARE OR OTHER UNUSUAL EVENT 
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Man-hours of  b o t h  scheduled and unscheduled t i m e  
are shown i n  Table  I V  fo r  var ious  c a t e g o r i e s  of a c t i v i t y .  
One hundred f i f t e e n  man-hours of crew t i m e  a r e  p o t e n t i a l l y  
available f o r  schedul ing  a d d i t i o n a l  experiments based on t h e  
ground r u l e s  adopted i n  t h i s  study. F igure  1 shows 
d i s t r i b u t i o n s  of  t h i s  t i m e  over t h e  mission fo r  each crewman 
s e p a r a t e l y  and f o r  a l l  crewmen combined. 

The uneven d i s t r i b u t i o n  of t i m e  i n  Figure 1 is 
l a r g e l y  due t o  the f a c t  t h a t  a l l  experiments were n o t  
scheduled. The method of schedul ing also con t r ibu ted  
t o  an e s p e c i a l l y  heavy concent ra t ion  of a c t i v i t y  on some 
days,  however. Days on which many experiments were competing 
f o r  t i m e  were gene ra l ly  scheduled first.  Uays 1 4  and 16, 
f o r  example, are heav i ly  scheduled because of frequency 
requirements  associated w i t h  experiment 11131 i n  a d d i t i o n  t o  
o t h e r  medicals, ATM experiments and s c i e n t i f i c - a i r l o c k  
experiments t h a t  use t i m e  on these uays. O t h e r w i s e  
experiments were scheduled s e q u e n t i a l l y  througnout t he  mission 
f r o m  beginning t o  end. Days e a r l y  i n  t h e  mission were 
scheduled r a t h e r  f u l l y  w i t h  h ighe r -p r io r i ty  experiments so 
as t o  schedule  as many o t h e r  o b j e c t i v e s  as p o s s i b l e  i n  the 
remaining t i m e .  I n  a second d r a f t  of  t h i s  f l i g h t  p l an  it 
would be advantageous t o  r e - d i s t r i b u t e  scheduled crew t i m e  
as evenly as p o s s i b l e  w i t h i n  working hours.  

3 .  Discussion of the Automated Task Scheduler  

The  ATS i s  based upon t h e  assumption t h a t  a se t  of  
i n - f l i g h t  t a s k s  fo r  a space mission can be scheduled one-at- 
a - t i m e  i n  a pre-determined order of p r i o r i t y .  Each t a s k  is  
de f ined  by a set of t a sk -desc r ip t ion  s t a t emen t s  t h a t  r e p r e s e n t  
major schedul ing  requirements i n  s t anda rd  formats. Nhen a 
t a s k  is scheduled,  the program a r b i t r a r i l y  selects the  
ear l ies t  t i m e  t h a t  meets a l l  requirements s t a t e d  i n  t h e  t a s k  
d e s c r i p t i o n ,  t a k i n g  i n t o  account  t he  resources  a l ready  
committed t o  previous ly  scheduled tasks.  I f  s e v e r a l  
r e p e t i t i o n s  o f  a t a s k  a r e  being scheduled a s  a s i n g l e  
o u j e c t i v e ,  t h e  f i r s t  performance is  scheduled a t  the e a r l i e s t  
t i m e  t h a t  permi ts  a maximum number of r e p e t i t i o n s  up t o  t h e  
desired number. 

R e s t r i c t i o n s  on schedul ing a t a s k  may be imposed 
by a c t u a l  requirements of system des ign  and c r e w  procedures ,  
o r  they may be imposed a r b i t r a r i l y  uy t h e  f l i g h t  2 lanner  a s  
a p a r t  of his p a r t i c u l a r  approach t o  schedul ing.  L i t h e r  
type  of r e s t r i c t i o n  i s  s p e c i f i e d  t o  the ATS as a t a s k  
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requirement.  Statements  i n  a t a s k  d e s c r i p t i o n  t h a t  
a r b i t r a r i l y  restrict the f l e x i b i l i t y  i n h e r e n t l y  a v a i l a b l e  
for  schedul ing  a t a s k  w i l l  be referred t o  as schedul in  
i n s t r u c t i o n s  i n  this memorandum t o  d i s t i n g u i s h  them frzm 
a c t u a l  task requirements.  A schedul ing  i n s t r u c t i o n  can 
i m p l i c i t l y  f u l f i l l  one o r  more requirements  t h a t  are n o t  
i n h e r e n t l y  as r e s t r i c t i v e  a s  the s t a t emen t s  used i n  a t a s k  
d e s c r i p t i o n .  

Formats a v a i l a b l e  for  t a s k  d e s c r i p t i o n  i n  t h e  ATS 
permi t  s p e c i f i c a t i o n  of schedul ing c o n s t r a i n t s  d i r e c t l y  i n  
t e r m s  of mission t i m e  or i n  t e r m s  of t i m e  r e l a t i v e  t o  some 
event .  Using the fac t  that  t a sks  are t o  be scheduled i n  a 
d e f i n i t e  order, a given task can be either enabled o r  
i n h i b i t e d  r e l a t i v e  t o  another  task t h a t  precedes i t  i n  t h e  
schedul ing  order. 

T i m e s  a t  w h i c h  a t a s k  can be scheduled can  also be 
cons t r a ined  i n d i r e c t l y  by resource  requirements.  h t a sk  
that  f u l l y  occupies  a s p e c i f i c  crewman o r  p i e c e  of equipment, 
for example, can ue  scheduled only where t h i s  resource  is  
available over  the requ i r ed  i n t e r v a l  of  t i m e .  Resources 
used a t  s p e c i f i e d  rates are subject t o  t h e  l i m i t a t i o n  t ha t  
requirements  from a l l  previously scheduled tasks p l u s  a new 
t a s k  do n o t  exceed a s p e c i f i e d  maximum l i m i t  a t  any xnission 
t i m e .  Tasks that  use a given amount of a resource  can  be 
scheduled only if t h e  sum of  this requirement with those of 
a l l  p rev ious ly  scheduled t a s k s  does n o t  exceed t h e  t o t a l  
q u a n t i t y  of this consumaule for use on t h i s  mission. 

s t r a igh t - fo rward  consequence of f i v e  types  of i n p u t  data:  
I n  sho r t ,  any schedule produced by t h e  ATS i s  a 

1. 

2. 

3 .  

4. 

5. 

The tasks inc luded  i n  t h e  run,  

T h e  order i n  which t h e s e  t a s k s  a r e  t o  be 
considered f o r  schedul ing,  

T h e  number of r e p e t i t i o n s  s p e c i f i e d  f o r  
each t a s k ,  

Scheduling res t r i c t i o n s  inc luded  i n  each 
t a s k  d e s c r i p t i o n ,  and 

Overa l l  limits on the  rates a t  which 
resources  can ue used (e.g. e lec t r ica l  
power) o r  t h e  t o t a l  amount of a 
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resource  available (e.g. oxygen al lo-  
ca t ed  f o r  experiments) , 

3.1 E f f i c i e n t  Task Schedul inq 

The ATS w a s  designed with t h e  idea t h a t  t h e  primary 
means o f  c o n t r o l l i n g  the output  would be t h e  o r d e r  i n  which 
t a s k s  were considered f o r  schedul ing,  I d e a l l y ,  only a c t u a l  
t a s k  requirements would be  inc luded  i n  t h e  t a s k  d e s c r i p t i o n s .  
Tasks wi th  h ighly  res t r ic t ive requirements would be considered 
f i r s t  w h i l e  t h e r e  w a s  s t i l l  p len ty  of  room i n  t h e  t ime l ine .  
O the r  t a s k s  wi th  less rest r ic t ive requirements  would then  
ue scheduled i n  t h e  remaining o p p o r t u n i t i e s .  

I n  p r a c t i c e ,  this s t r a t e g y  i s  n o t  adequate for doing 
Skylab f l i g h t  p lanning  w i t h  t h e  ATS. One a s p e c t  of t h i s  
problem is  that  Skylab f l i g h t  planning is  s u f f i c i e n t l y  complex 
that  t a s k s  can n o t  be scheduled e f f i c i e n t l y  by merely f i n d i n g  
a p a r t i c u l a r  order i n  which t o  cons ide r  them. I t  i s  necessary 
t o  i n c o r p o r a t e  a large number of schedul ing i n s t r u c t i o n s  
i n t o  t h e  ATS t a s k  d e s c r i p t i o n s  i n  a d d i t i o n  t o  requirements  
i n  order t o  f o r c e  t a s k s  t o  schedule  i n  an accep tab le  manner. 
The  fo l lowing  example from SL-2 g i v e s  a s i m p l i f i e d  
i l l u s t r a t i o n .  

Lack of a v a i l a b i l i t y  of a s c i e n t i f i c  a i r l o c k  i s  one 
of  t h e  primary f a c t o r s  t h a t  l i m i t s  t h e  s u c c e s s f u l  completion 
of a l l  experiment objectives assigned t o  t h e  SL-2 mission. 
It  i s  d e s i r a b l e  t o  o p e r a t e  e a c h  s c i e n t i f i c - a i r l o c k  experiment 
as o f t e n  as p o s s i b l e  on any given day w h i l e  it is mounted. 
For an  experiment that  must be opera ted  only on non- 
consecut ive  o r b i t s ,  t h r e e  t r i a l s  a r e  t he  most that  can be 
scheduled i n  any one day. 

Every day on which a s c i e n t i f i c - a i r l o c k  experiment 
is  scheduled w i l l  a lso inc lude  a s e q u e n t i a l  medical t r i a l  
j u s t  p r i o r  t o  lunch. The medical t r i a l ,  lunch,  and t i m e  
a l l o t t e d  t o  M071 occupy two crewmen. The t h i r d  crewman is  
cover ing  t h e  ATM console  during t h i s  t i m e .  I n  most cases  
it is p o s s i b l e  by jud ic ious  schedul ing of t h e  medical sequence 
t o  g e t  i n - o n e  t r i a l  of  t h e  s c i e n t i f i c - a i r l o c k  experiment 
immediately be fo re  t h e  s e q u e n t i a l  medical t r i a l ,  one j u s t  
a f t e r  lunch, and a t h i r d  before  t h e  end of  t h e  working day. 
Ne i the r  experiment can be scheduled wi thout  a n t i c i p a t i n g  t h e  
schedul ing  requirements o f  t h e  o t h e r  i f  both are t o  be 
scheduled. 
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Many such i n t e r a c t i o n s  occur  i n  t h e  schedul ing  of 
Skylab experiments.  These i n t e r a c t i o n s  must be cons idered  
as a group i n  s o l v i n g  t h e  o v e r a l l  problem. When t h e  
requirements of more than  one s c i e n t i f i c - a i r l o c k  experiment 
are considered,  for example, competit ion develops for  crew 
t i m e  on c e r t a i n  days of the mission as w e l l  as f o r  t o t a l  
t i m e  i n  a given s c i e n t i f i c  airlock. 
must be done e a r l y  i n  t h e  mission, mid-mission, and l a t e  i n  
the  mission; some must be  done only dur ing  i n t e r v a l s  of t h e  
mission that  have a p a r t i c u l a r  phase of t h e  moon o r  a beta- 
ang le  that  f a l l s  w i t h i n  given l i m i t s . *  

Some of t h e s e  experiments 

A r e l a t e d  c o n s t r a i n t  is t h a t  n o n - s c i e n t i f i c  airlock 
experiments M509, ‘2020, and TO13 can only be performed when 
c e r t a i n  s c i e n t i f i c - a i r l o c k  experiments are n o t  mounted. I n  
a d d i t i o n ,  t r i a l s  of  M509 or TO20 must be sepa ra t ed  by enough 
t i m e  t o  avoid c r e a t i n g  an unacceptable n i t r o g e n  overpressure  
i n  t he  cabin  atmosphere. Since both experiments can n o t  be 
completed on SL-2, due t o  t h i s  c o n s t r a i n t ,  t r i a l s  must be 
scheduled as close toge the r  as p o s s i b l e  t o  maximize the 
r e t u r n  from these experiments.  

crewmen are available t o  perform s c i e n t i f i c - a i r l o c k  
experiments when t r ia l s  of M131 are be ing  performed. These 
t r i a l s  r e q u i r e  up t o  4.5 man-hours on s e v e r a l  mission days,  
which must occur  a t  accep tab le  f requencies .  

S t i l l  another  f a c t o r  t o  be considered i s  t h a t  no 

To schedule  a l l  of these  i n t e r a c t i n g  experiments 
e f f i c i e n t l y ,  a coord ina ted  sequence must be worked o u t  t h a t  
takes i n t o  account both t h e  o p p o r t u n i t i e s  for detailed 
schedul ing  of each experiment and requirements  t h a t  create 
competi t ion f o r  t i m e  on certain mission days. Scheduling 
of any one experiment must a n t i c i p a t e  t h e  requirements of 
many other experiments i n  order  t o  s u c c e s s f u l l y  complete a 
reasonable number of objectives. 

3.2 Task Requirements 

I n  a d d i t i o n  t o  t h e  problem of schedul ing  tasks  
e f f i c i e n t l y ,  some types  of requirements cannot  L e  s ta ted  
d i r e c t l y  on a task-by-task basis i n  a v a i l a b l e  ATS formats. 
A s  one example from the previous i l l u s t r a t i o n ,  there i s  no 

*Beta i s  the  angle  between t h e  s p a c e c r a f t  o r b i t a l  p lane  
and t h e  l i n e  between the c e n t e r  of the earth and t h e  c e n t e r  
of the sun. 
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way t o  s p e c i f y  t h a t  an experiment occupies  t h e  s c i e n t i f i c  
a i r l o c k  from t h e  t i m e  it i s  mounted t o  t h e  t i m e  it is  stowed 
again,  whether or n o t  a s p e c i f i c  t a s k  us ing  t h i s  equipment 
is  underway. One s o l u t i o n  t o  t h i s  problem i s  t o  inc lude  
a r t i f i c i a l  requirements  i n  t h e  t a s k  d e s c r i p t i o n s  t h a t  i n s u r e  
a p a r t i c u l a r  sequence of a l l  t a sks  t h a t  use a given s c i e n t i f i c  
a i r l o c k .  T h e  same device  a lso covers  other  requirements 
mentioned i n  t h e  previous i l l u s t r a t i o n  t n a t  cannot be stated 
d i r e c t l y ,  such as a requirement t h a t  c e r t a i n  experiments riot 
be mounted i n  the s c i e n t i f i c  a i r l o c k  dur ing  II509, TO13 and 
y020, or  l i m i t a t i o n s  on both the p a r t i a l  p r e s s u r e  of n i t r o g e n  
i n  the cabin  and t o t a l  p re s su re  of  t he  cabin  atmosphere. 

Scheduling i n s t r u c t i o n s  may a l so  be needed t o  account 
f o r  other types of Skylab experiment requirements.  
cases, f o r  example, a requirement states t n a t  the same crewman 
should perform two t r i a l s  of an experiment t h a t  a r e  scheduled 
s e p a r a t e l y ,  b u t  it does n o t  matter which crewman i s  selected. 
T h e  on ly  way t o  a s s u r e  t h a t  such a requirement i s  m e t  i n  the 
ATS is  t o  a s s i g n  a s p e c i f i c  crewman to  botri t a sks ,  even 
though one may n o t  know which one is t h e  best  choice. These 
and o t h e r  examples of schedul ing i n s t r u c t i o n s  needed t o  
account f o r  va r ious  types  of Skylab experiment requirements  
are d i scussed  i n  Reference S. 

I n  sonie 

Any computer format w i l l  f o r c e  some dec i s ions  t o  
b.e made i n  advance of schedul ing t h a t  may a r b i t r a r i l y  l i m i t  
scnedul ing  f l e x i b i l i t y .  I f  a task  i s  t o  be scheduled e a r l y  
i n  the mission,  f o r  example, the computer r e q u i r e s  a 
q u a n t i t a t i v e  d e f i n i t i o n  of e a r l y .  There is  sometimes 
cons ide rab le  u n c e r t a i n t y  i n  e x a c t l y  h o w  long a t a sk  w i l l  
t a k e  o r  how much t i m e  i s  a c t u a l l y  r equ i r ed  between t w o  tasks 
t h a t  must be separa ted .  These examples, Liowever, i l l u s t r a t e  
r e l a t i v e l y  minor, a r b i t r a r y  dec i s ions  t h a t  are b u i l t  i n t o  
a p r e c i s e  d e s c r i p t i o n  of t a s k  requirements . I n  c o n t r a s t ,  
the k inds  of schedul ing  dec is ions  i n  t h e  previous examples 
involve  cons ide rab le  f o r e s i g h t  i n t o  the  o v e r a l l  s o l u t i o n  of  
the schedul ing  problem. 

4.  Scheduling Approach 

An a t tempt  w a s  made i n  t h i s  s tudy  t o  approach 
schedul ing  i n  a manner t ha t  would minimize uoth  t h e  amount 
and complexity of ATS i n p u t  da t a  r equ i r ed  t o  produce an 
accep tab le  t i rnel ine.  Before making any ATS runs ,  an o v e r a l l  
p l an  of t h e  mission w a s  prepared i n  which experiment tasks  
w e r e  t e n t a t i v e l y  ass igned  t o  s p e c i f i c  mission days. I m p l i c i t  
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i n  such a p l a n  are major f requencies  o f  t a s k  r e p e t i t i o n s  on 
d i f f e r e n t  mission days and major sequences of o t h e r  t a s k s  
over t h e  mission. 
r equ i r ed  pre l iminary  dec i s ions  as t o  which experiment 
o b j e c t i v e s  could be f u l l y  scheduled on t h i s  mission and which 
should be c u r t a i l e d  i n  t h e  i n t e r e s t  of Scheduling a t  l eas t  
a p o r t i o n  of every experiment. T h e  overa l l  p l an  was updated 
whenever d e t a i l e d  schedul ing  of each day i n d i c a t e d  a need 
f o r  r e a s s i g n i n g  some t a s k s  t o  d i f f e r e n t  mission days. 

u s ing  t h e  ATS. Task d e s c r i p t i o n s  used f o r  t h i s  schedul ing  
g e n e r a l l y  inc luded  s t a t emen t s  of t a s k  p r i o r i t y ,  o b j e c t i v e ,  
c r e w  requirements ,  and i n  some cases a s p e c i f i c  r e l a t i o n s h i p  
t o  e v e n t s  such as o r b i t a l  noon. Other s ta tements  i n  t h e  
t a s k  d e s c r i p t i o n s  s t r u c t u r e d  r e l a t i o n s h i p s  among t a s k s  t o  
be scheduled on each day i n  a manner t h a t  s a t i s f i e d  t h e i r  
requirements  and appeared promising f o r  scheduling. The ATS 
determined t h e  f e a s i b i l i t y  o f  schedul ing  t h e  t a s k s  i n  t h i s  
manner by c a l c u l a t i n g  exac t  s t a r t - t i m e s  r e l a t i v e  t o  even t s ,  
s p e c i f i c  crew commitments, and o t h e r  imposed c o n s t r a i n t s .  

P repa ra t ion  o f  t h e  o v e r a l l  p lan  also 

Deta i led  schedul ing  of each mission day w a s  done 

'I'nis approach t o  schedul ing makes t h e  f l i g h t  p l anne r  

I n  c o n s t r u c t i n g  t h e  o v e r a l l  p l a n  he must t a k e  i n t o  
r e s p o n s i b l e  for  keeping t r a c k  of m o s t  t a s k  requirements on 
h i s  own. 
account  any factors t h a t  l i m i t  mission days on which some 
t a s k s  can be scheduled,  such as beta-angle  o r  phase of t h e  
moon. Such parameters were entered on the o v e r a l l  p l a n  t o  
f a c i l i t a t e  reassignment of t a s k s  t o  d i f f e r e n t  mission days,  
i f  necessary.  Cons t ruc t ion  of the o v e r a l l  p l an  a l so  
e l i m i n a t e s  some p o t e n t i a l  c o n f l i c t s  among tasks  because they 
are riot be ing  scheduled on t h e  same day. Tne remaining 
c o n f l i c t s  t h a t  can occur  among tasks ass igned  t o  the same 
day w e r e  o f t e n  reso lved  by the  f l i g h t  p lanner  by u s e  of  
schedul ing  i n s t r u c t i o n s  i n  t h e  t a s k  d e s c r i p t i o n s .  

5 .  Two Methods of  Implementing t h i s  Approach 

One method of  doing d e t a i l e d  schedul ing  on a day- 
by-day basis w i t h  the ATS is t o  use t i m e  cards t o  f o r c e  each 
t a s k  t o  schedule  on t h e  day t o  which it i s  ass igned  i n  t h e  
o v e r a l l  p lan .  A t  any p o i n t  i n  t h e  schedul ing  process ,  a l l  
t a s k s  t o  be scheduled throughout t h e  mission appear a t  t h e  
i n p u t  t o  each run. The ou tpu t  o f  each run shows a l l  t a s k s  
that  have been scheduled and the s t a t u s  of any t a s k s  t h a t  
w e r e  cons idered  b u t  n o t  scheduled. 
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A second method of schedul ing t a s k s  on pre-assigned 
days wi th  t h e  ATS i s  t o  make each mission day a completely 
independent run. T h e  run f o r  any given day would be repea ted  
only wnen the schedule  f o r  t h a t  day is t o  L e  changed. 
Otherwise, t h e  mission is  b u i l t  up as a series of success ive  
runs f o r  d i f f e r e n t  mission days. Following i s  a comparison 
of s o m e  of  t h e  m o s t  s a l i e n t  d i f f e r e n c e s  between these t w o  
methods of implementing t h e  same overal l  approach t o  
schedul ing.  

5.1 Huns and Cnarqe Units  

Using the f i r s t  method, a l l  mission t a s k s  need no t  
be considered f o r  schedul ing  i n  a s i n g l e  run. I n s t e a d ,  a 
n i s t o r y  t ape  can ue  made each t i m e  a run scnedules  t a s k s  
on to  t h e  mission t ime l ine .  Subsequent runs can then  
i f i i t i a l i ze  from any p o i n t  i n  this schedul ing  process t h a t  
is conta ined  on an a v a i l a b l e  h i s t o r y  tape .  Lach run,  f o r  
example, might add one mission day t o  t h e  o v e r a l l  schedule.  
I n  this case each run would have a r e l a t i v e l y  shor t  running 
t i m e .  As t h e  schedule  developed, however, l onge r  running 
times would be r equ i r ed  t o  change any p o r t i o n  of t h e  schedule  
t h a t  had been p u t  on t h e  h i s t o r y  t a p e  e a r l y  i n  t h i s  process ,  
because a l l  subsequnt schedul ing would have t o  be repeated.  

The second method schedules only  one mission day 
psr run by d e f i n i t i o n .  Each of t hese  runs  would have t h e  
minimum running t i m e  ob ta inab le  with t h e  ATS f o r  schedul ing  
one mission day. A f t e r  t h e  schedul ing process  has been 
completed, however, it would take longer  t o  reproduce a 
m i s s i o n  by twenty-four s e p a r a t e  runs than  by one run t h a t  
scheduled a l l  twenty-four days t h a t  were scheduled i n  this 
s tudy  . 

A s i m i l a r  obse rva t ion  can be made f o r  any 
modi f ica t ion  of t h e  o v e r a l l  schedule t h a t  a f f e c t s  more than  
one mission day. I f  a l l  t a s k s  have been scheduled on a 
s i n g l e  record  by t h e  f i rs t  method, a change a t  a given p o i n t  
i n  the o r i g i n a l  schedul ing  process causes  a l l  s u s e q u e n t  
schedul ing  t o  be repeated.  A l a r g e  pena l ty  may be incu r red  
i f  a t a s k  i s  changed tha t  was o r i g i n a l l y  scneduled e a r l y .  
For a prolonged schedul ing  process i n  which there are many 
s m a l l  changes, independent runs would probably be advantageous 
i n  terms of overall  charge. 
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5.2 Task-Doscription Uata 

Scheduling a l l  t a s k s  onto a s i n g l e  record  by t h e  
f i r s t  method complicates  t h e  problem of t a s k  d e s c r i p t i o n s  
i n  a number of ways. 
of p r i o r i t i e s  must l e  devised  t h a t  g ives  t h e  o r d e r  i n  which 
t a s k s  are t o  be considered for schedul ing.  S m a l l  changes 
such as a reversal i n  t h e  order  of schedul ing  t w o  t a s k s  could 
be accomplished very convenient ly  by t h i s  sys  t e m .  S u b s t a n t i a l  
changes i n  t h e  o r d e r  of  schedul ing tasks may r e q u i r e  e x t e n s i v e  
r e -numer ing ,  however. I t  is  i n e f f i c i e n t  t o  l eave  space i n  
the numbering system t o  absorb changes because many program 
f u n c t i o n s ,  i nc lud ing  the h i s  t o ry  t ape ,  are c o n t r o l l e d  by 
p r i o r i t y  numbers. 

One is that a s i n g l e ,  uniform system 

A second complicat ion t h a t  occurs  i f  a l l  tasks are 
scheduled onto  a s i n g l e  record  s t e m s  from the  r u l e  t ha t  a l l  
t a s k  r e p e t i t i o n s  must have d i f f e r e n t  t a s k  names unless  they  
are scheduled i n  one t r a n s a c t i o n  as a s i n g l e  o b j e c t i v e .  
Daily t a s k s ,  f o r  example, can be scheduled i n  advance as a 
m u l t i p l e  o b j e c t i v e  only i f  no f l e x i b i l i t y  is  t o  be permi t ted  
t o  accommodate schedul ing  of o t h e r  t a sks .  Some d a i l y  t a s k s  
such as medical experiments,  ATM experiments,  and lunch, 
however, depend upon h o w  o t h e r  experiment t a s k s  are t o  be 
scheduled on t h e  same day. 
t asks  independent ly ,  un less  the e n t i r e  mission i s  worked o u t  
a t  once and there i s  some way to  coord ina te  t h e  a c t i o n  of 
t h e  o b j e c t i v e  ca rd  wi th  t h e  schedul ing of o t h e r  t a sks .  
the f l i g h t  p lanner  does not  know a t  the  o u t s e t  h o w  much 
f l e x i b i l i t y  w i l l  be needed, it would be s a f e s t  t o  schedule  
a l l  d a i l y  t a s k s  independently.  

I t  i s  necessary t o  schedule  these 

Since  

A consequence of t h i s  m u l t i p l i c i t y  of names f o r  one 
t a s k  i s  that a l l  enable  and i n h i b i t  s t a t emen t s  of other t a s k s  
must supply t h e  correct name f o r  each r e p e t i t i o n  of the t a s k  
t o  which t h e  s t a t emen t  app l i e s .  T h i s  r u l e  i s  only a s m a l l  
inconvenience when one of these s t a t emen t s  i s  being used 
e x c l u s i v e l y  as a schedul ing i n s t r u c t i o n  r e l a t i n g  t w o  t a s k s  
on a given day. 
nand, one must nave a d u p l i c a t e  enable  o r  i n h i b i t  s ta tement  
f o r  every r e p e t i t i o n  of t h e  second task t h a t  is scheduled 
independent ly  a t  a h ighe r  p r i o r i t y .  T i i e se  s ta tements  cannot 
be inc luded  for  r e p e t i t i o n s  of t h e  second t a s k  t h a t  have n o t  
y e t  been Considered f o r  scheduling. T h i s  k ind  of  d a t a  
manipulat ion r e q u i r e s  cons iderable  bookkeeping f o r  the f l i g h t  
p l anne r  t h a t  has l i t t l e  t o  do with s o l v i n g  t h e  schedul ing  
problem. 

T o  express  a t a s k  requirement ,  on t h e  o t h e r  
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The r u l e s  fo r  p r i o r i t i e s  and t a s k  names are the 
same i f  each day is  scheduled as an independent run,  b u t  i n  
each case tliey apply only t o  the schedul ing  for  one day. 
r i l l  d a i l y  t a s k s  can now be scheduled wi th  the same names and 
u s u a l l y  the same p r i o r i t i e s  on d i f f e r e n t  days. Thus a s i n g l e  
t a s k  d e s c r i p t i o n  can be l isted on a d a t a  bank f o r  each of  
these tasks and used as a b a s i s  f o r  schedul ing  t ha t  task i n  
a l l  runs.  I n  a d d i t i o n ,  only task  r e p e t i t i o n s  tha t  are 
scheduled s e p a r a t e l y  on the same day r e q u i r e  d i f f e r e n t  t a s k  
names, such as a success ion  of obse rva t ion  tasks  f o r  a 
s c i e n t i f i c - a i r l o c k  experiment. Thus independent runs for 
each day g r e a t l y  s i m p l i f y  t h e  p repa ra t ion  of i n p u t  data f o r  
each run and any manipulat ion of t h i s  data  r equ i r ed  t o  change 
t h e  schedule.  

5.3 Consumable Analysis  

Scheduling a l l  t a s k s  onto a s i n g l e  record has t h e  
advantage t h a t  t o t a l  q u a n t i t i e s  can be c a l c u l a t e d  for  
consumables used du r ing  t h e  mission. The c a p a b i l i t y  t o  
compute s u b - t o t a l s  over  a given day is n o t  provided,  however, 
un le s s  a d i f f e r e n t  r e source  name i s  used f o r  t h e  q u a n t i t i e s  
t o  be t o t a l e d  on each day. One example of this k ind  of sub- 
t o t a l  would be r e s e r v i n g  t i m e  f o r  systems housekeeping on 
each day wi thout  a c t u a l l y  schedul ing t h e  tasks ,  as w a s  done 
i n  this study.  I f  a d i f f e r e n t  resource  name had t o  be used 
OA each day, the  appropr i a t e  resource s t a t e m e n t  could L e  p u t  
i n  a t a s k  d e s c r i p t i o n  only a f t e r  the task had been t e n t a t i v e l y  
ass igned  t o  a given day. T h e  s ta tement  would have t o  L e  
changed t o  schedule  t h e  t a s k  on another  day. 

Independent runs f o r  each day provide t h e  s i m p l e s t  
means of  c o n s t r a i n i n g  sub- to t a l s  of  a consumable over  each 
day. Obviously t h e  disadvantage i s  t h a t  t h e  computer does 
n o t  supply t o t a l  q u a n t i t i e s  of  consumables used over  the 
mission. T h i s  data must ue  obta ined  i n  a s e p a r a t e  s t e p  by 
adding up the s u b - t o t a l s  f r o m  each run covering one day. 

5.4  Automated Schedul inq 

a s s i g n i n g  each t a s k  t o  a s p e c i f i c  mission day is a n a t u r a l  
way t o  schedule  m o s t  experiments. There are a few 
experiments ,  however, t h a t  can  be scheduled almost anywhere 
i n  the mission that  a crewman is a v a i l a b l e  and o t h e r  basic 
requirements  are m e t .  One example from Skylab is  D008, which 
r e q u i r e s  one crewman f o r  f i f t e e n  minutes f o r  t r i a l s  w i t h i n  

S t r u c t u r i n g  t h e  o v e r a l l  schedule  by t e n t a t i v e l y  
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ale South A t l a n t i c  Anomaly and one crewman f o r  t h i r t y  minutes 
f o r  t r i a l s  a t  t h e  northernmost l a t i t u d e s  of t h e  s p a c e c r a f t  
o rb i t .  

I f  a l l  t a s k s  are scheduled on a s i n g l e  record ,  it 
is  p o s s i b l e  t o  search t h e  f u l l  mission t i m e l i n e  f o r  
o p p o r t u n i t i e s  t o  schedule  experiments such as DO08 by simply 
omi t t i ng  a t i m e  card i n  t h e  task  d e s c r i p t i o n .  S ince  many 
o p p o r t u n i t i e s  e x i s t ,  t h e r e  is  a good chance t h a t  DO08 could 
be scheduled s u c c e s s f u l l y  a f t e r  most o t h e r  t a s k s  had been 
scheduled,  w i thou t  a n t i c i p a t i n g  i t s  requirements  i n  schedul ing  
t h e  o t h e r  experiments.  

The i d e a  of sea rch ing  t h e  f u l l  mission t i m e l i n e  f o r  
o p p o r t u n i t i e s  is  n o t  compatible, however, wi th  us ing  d i f f e r e n t  
resource  names t o  o b t a i n  sub- to ta l s  f o r  man-hours (or  o t h e r  
resources)  on d i f f e r e n t  m i s s i o n  days. T o  schedule  an 
experiment by a fu l l -miss ion  scan and s t i l l  o b t a i n  the  man- 
riours s u b - t o t a l ,  the f l i g h t  p lanner  would have t o  check f o r  
a v a i l a b i l i t y  of  c r e w  t i m e  on var ious  days,  e i t h e r  be fo re  
making t h e  scan, or i n  r e t r o s p e c t  a f t e r  t h e  t a s k  has been 
scheduled. I n  e i t h e r  case t h e  t a s k  should be rescheduled 
on the same day i n  a second ATS run  w i t h  t h e  a p p r o p r i a t e  
ca rd  added t o  the t a s k  d e s c r i p t i o n  t o  update tne re source  
named f o r  man-hours on that  day. 

a s s ign ing  these t a s k s  t o  a s p e c i f i c  mission day r e q u i r e s  
riand schedu l ing  t ha t  might u e  done fas ter  uy computer. T h i s  
l i m i t a t i o n  of making independent runs f o r  each day covers 
a very minor a s p e c t  of t h e  o v e r a l l  schedul ing  problem, 
however. Scheduling t h e  v a s t  major i ty  of  t a s k s  e f f i c i e n t l y  
r e q u i r e s  the kind  of  coord ina t ion  desc r ibed  previous ly  f o r  
medical experiments ,  s c i e n t i f i c - a i r l o c k  experiments,  and 
astronaut-maneuvering experiments on SL-2. 

For the  few experiments l i k e  U008, a r b i t r a r i l y  

6. Method Used i n  T h i s  Study 

T h e  method of making independent runs f o r  each 
mission day w a s  s e l e c t e d  for use i n  t h i s  s tudy ,  even though 
a minimum of  twenty-four s e p a r a t e  runs  were requ i r ed  t o  
schedule  days 2 - 2 5  of SL-2. I t  w a s  f e l t  t h a t  t h e  t i m e  
r equ i r ed  t o  p repa re  a l l  of  these  runs  and t o  do post-  
schedul ing  a n a l y s i s  of mission t o t a l s  w a s  more than 
compensated by the r e l a t i v e l y  siniple manner i n  which 
schedu l ing  could be accomplished. Following is  a brief 
d e s c r i p t i o n  of  the r e s u l t s  of t h i s  dec i s ion .  



6 .1  Run Deck and Charge Units  

T h e  ATS does n o t  p r e s e n t l y  have a direct  c a p a b i l i t y  
for  schedul ing  one day of the mission i n  a run. All ATS 
runs cover a ground-elapsed t i m e  (GET) from zero  t o  a s t a t e d  
upper l i m i t .  T h i s  t i m e  scale must correspond t o  the  t i m e  
scale for  even t s  from the ephemeris tape .  I n  t h i s  s tudy  it 
w a s  most convenient t o  use dummy t a s k s  t o  block o u t  a l l  crew 
t i m e  from zero t o  t h e  beginning of t h e  day t o  be scheduled 
and f r o m  t h e  end of t h a t  day t o  the end of t h e  mission. I t  
w a s  not convenient  t o  use  the mission d u r a t i o n  t o  d e l i m i t  
the end of t h e  day t o  be scheduled because t h i s  number i s  
expressed i n  days and decimal f r a c t i o n s  of days,  GET. C r e w  
working hours were keyed t o  s l e e p  t i m e s  expressed i n  days,  
hours ,  and minutes,  GET. 

A s i g n i f i c a n t  amount of t i m e  is r equ i r ed  t o  set  up 
independent runs.  Although many c o n t r o l  and data cards were 
the same i n  a l l  run decks,  many others v a r i e d  s l i g h t l y  f r o m  
day t o  day. Some examples are run t i t l es ,  task d e s c r i p t i o n s  
for  dummy tasks d e l i m i t i n g  the beginning and end of  each 
day, s l e e p  t i m e s ,  crew assignments t h a t  rotate from day t o  
day, corol lary-experiment  tasks inc luded  i n  t h e  run and 
r e source  l i m i t s  f o r  each day. Task-descr ipt ion cards t h a t  
w e r e  i d e n t i c a l  for a l l  decks were read i n  f r o m  a common data 
uank . 

Twenty-four s e p a r a t e  run decks w e r e  a d i s t i n c t  
advantage once t h e i r  i n i t i a l  p repa ra t ion  had ueen completed, 
iiowever. Seve ra l  days could be worked on i n  p a r a l l e l ,  f o r  
exariiple, running one w h i l e  making e d i t s  t o  another .  As the 
scnedule  f o r  each day developed, modi f ica t ions  t o  t h e  t a s k  
d e s c r i p t i o n  on t h e  data bank were b u i l t  up i n  each deck that  
produced an accep tah le  schedule .  S ince  t h e  data Lank w a s  
n o t  changed dur ing  the  schedul ing phase of the s tudy ,  each 
deck conta ined  a complete set of schedul ing  i n s t r u c t i o n s  for 
one day a t  any p o i n t  i n  i ts  development. 

H i s to ry  tapes  were n o t  made w i t h  each run du r ing  
t h e  schedul ing  phase of this study. Although a h i s t o r y  t a p e  
would have permi t ted  making computer-generated p lo t s  of each 
run, a turn-around time of one o r  two days would be r equ i r ed  
t o  o b t a i n  each computer p l o t .  
r e s u l t s  of  each run w a s  u sua l ly  made Ly hand t o  a id  i n  
examining t h e  ou tpu t  schedule ,  c o r r e c t i n g  any errors, and 
making r e v i s i o n s  i n  t h e  schedule.  His tory  t apes  w e r e  run 

Ins t ead ,  a quick p l o t  of t h e  
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for each day af ter  a l l  schedules  had been completed so as 
t o  make ATS-generated p l o t s  of t h e  f i n a l  r e s u l t s .  

A run for  one m i s s i o n  day wi thou t  a h i s t o r y  t a p e  
had a very s h o r t  running t i m e  ( u s u a l l y  f i ve  t o  s i x  charge 
u n i t s )  . This f a c t  pe rmi t t ed  a r e l a t i v e l y  s h o r t  turn-around 
t i m e  i n  the computer, s i n c e  p r i o r i t y  is given t o  runs wi th  
a l o w  maximum charge. Table V shows t h e  t o t a l  number o f  
charge u n i t s  s p e n t  on va r ious  phases of t h e  s tudy.  
comparison of  t h e  charge for the  twenty-four f i n a l  schedules  
wi thout  h i s t o r y  t a p e s  (133) w i t h  t h e  charge f o r  t h e  same 
schedules  w i t h  h i s t o r y  t a p e s  (202)  shows a cons ide rab le  
inc rease .  
t a p e  a t  t h e  same t i m e  as the p l o t t e r  run, it w a s  n o t  necessary 
t o  save t h e  twenty-four h i s t o r y  t a p e  f i l es  f o r  any s i g n i f i c a n t  
l e n g t h  of t i m e .  

A 

By re-running t h e  f i n a l  schedule  wi th  a h i s t o r y  

6.2 D a t a  Bank 

Independent runs  f o r  each day w e r e  also compatible 
w i t h  a very concise  and readable  format f o r  a t a s k  data bank. 
All tasks w i t h  fundamentally d i s t i n c t  requirements were 
l i s ted  on a common d a t a  bank t h a t  w a s  used f o r  a l l  runs.  
T h i s  basic t a s k  d e s c r i p t i o n  was read i n  by each run that 
attempted t o  schedule  some r e p e t i t i o n  of t h i s  Any 
a d d i t i o n a l  information needed to complete the t a s k  d e s c r i p t i o n  
fer t h a t  run and provide  s p e c i f i c  schedul ing  i n s t r u c t i o n s  
w a s  added i n  t h e  i n p u t  d a t a  fo r  t h a t  run. An equ iva len t  
t a s k  w i t h  a d i f f e r e n t  t ask  name had t o  L e  de f ined  only i f  
a second r e p e t i t i o n  of the t a s k  w e r e  scheduled on the same 
day i n  a s e p a r a t e  t r a n s a c t i o n .  

t a sk .  

As noted p rev ious ly ,  one advantage of making 
independent runs fo r  each day is t h a t  d a i l y  t a s k s  can be 
scheduled Ly a s i n g l e  s e t  of task  d e s c r i p t i o n s  i n  each run. 
T h e s e  t a s k s  w e r e  l i s t e d  first on t h e  data  bank i n  the order 
i n  which they were t o  be scheduled. 
i nc luded  almost a complete set of schedul ing  i n s t r u c t i o n s ,  
s i n c e  a s t a n d a r d  p a t t e r n  of d a i l y  tasks i s  i n d i c a t e d  by t h e  
ground r u l e s  covered previous ly  i n  T a b l e  I. Only minor 
v a r i a t i o n s  w e r e  r equ i r ed  i n  the  i n p u t  t o  any given run t o  
se t  the t iming of s l e e p  on d i f f e r e n t  days and t o  ro ta te  
crewmen on some tasks.  

T h e i r  t a s k  d e s c r i p t i o n s  

hxperiments n o t  repeated on a d a i l y  basis w e r e  a l s o  
l i s ted  on t h e  data bank i n  alphanumeric order of their t a s k  
names for  easy  re ference .  These task d e s c r i p t i o n s  inc luded  
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only statements that  were expected t o  hold  f o r  every 
r e p e t i t i o n  of t h e  t a s k  t h a t  is  scheduled i n  any run. One 
example would be a requirement  t h a t  an experiment always be 
scheduled i n  a f i x e d  r e l a t i o n s h i p  to o r b i t a l  noon. 

A l l  t a s k  d e s c r i p t i o n s  i n  t h e  d a t a  bank had to  have 

Pr ior i t ies  on t h e  data bank were completely a r b i t r a r y  

a t i t l e ,  p r i o r i t y ,  and ob jec t ive .  Oai ly  t a s k s  were given 
a f i x e d  o r d e r  of p r i o r i t y  i n  groups numbered from one t o  
f i v e .  
f o r  most o t h e r  experiment t a s k s ,  s i n c e  p r i o r i t y  numbers are 
simply a means of changing t h e  o rde r  i n  which t a s k s  a r e  
considered f o r  schedul ing  i n  a given run. dxperiment t a s k s  
could be scheduled i n  between any of t h e  f i v e  groupings of 
d a i l y  t a s k s  i n  a given run by a s s ign ing  t h e  same number as 
the group t o  be scheduled j u s t  p rev ious ly ,  o r  they  could be 
scheduled a t  the end w i t h  a p r i o r i t y  of s i x  or  higher .  T h i s  
scheme gave an extremely simple means of ad jus t i i l g  p r i o r i t i e s  
i n  any one run as compared to  t h e  number of  p r i o r i t y  l e v e l s  
t h a t  would be needed i n  ful l -mission schedul ing.  

The objective appearing i n  each t a s k  d e s c r i p t i o n  
on t h e  d a t a  bank i n d i c a t e d  t h e  number of r e p e t i t i o n s  t o  Le 
performed on one day, n o t  t h e  t o t a l  o b j e c t i v e .  In m o s t  cases 
it w a s  p o s s i b l e  t o  a n t i c i p a t e  t h e  number of r e p e t i t i o n s  of 
a task  t o  inc lude  i n  t h e  o b j e c t i v e  on the data bank. 
O t h e r w i s e  a new objective c a r d  w a s  p u t  i n t o  t h e  run deck €or 
a day on xhich a d i f f e r e n t  number of r e p e t i t i o n s  was desired. 

Statements  t ha t  enable  o r  i n h i b i t  one t a s k  on another  
gene ra l ly  had t o  be supp l i ed  w i t h  a s p e c i f i c  run,  s i n c e  triese 
s t a t emen t s  apply only i f  both t a sks  are t o  be scheduled i n  
t h e  same run. T h e s e  s ta tements  were o f t e n  used t o  c o n t r o l  
h o w  t a s k s  Scheduled on a p a r t i c u l a r  day, i n  which case they 
would n o t  be supp l i ed  as a p a r t  of the  L a s i c  t a s k  d e f i n i t i o n  
anyway. O t h e r  enab le  and i n h i b i t  s t a t emen t s  w e r e  used t o  
express  requirements ,  however. because task names were n o t  
changed for d i f f e r e n t  days,  many enable  and i n h i b i t  
requirements could be punched i n  advance and simply i n s e r t e d  
i n t o  a s p e c i f i c  run deck whenever D o t h  tasks  named on t h e  
s ta tement  were t o  L e  scheduled i n  t h i s  run. 

C r e w  requirements  also had t o  be supp l i ed  wi th  a 
s p e c i f i c  run i n  many cases  where the requirement could be 
m e t  by any crewman. Although one can s p e c i f y  any crewman 
as a t a s k  requirement i n  t h e  a v a i l a b l e  ATS formats ,  t h e  
program may m i s s  some available o p p o r t u n i t i e s  f o r  schedul ing  
t h e  t a s k  wi th  the p r e s e n t  log ic .  I n  t h i s  s tudy  it w a s  
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d e s i r a b l e  t o  a s s i g n  a s p e c i f i c  crewman t o  m o s t  of t h e s e  
requirements  as one means of s t r u c t u r i n g  how t h e  t a s k s  would 
be scheduled on a given day. 

Although s p e c i f i c  crew assignments cannot  be 
a n t i c i p a t e d  f o r  many t a s k s  while w r i t i n g  t h e  d a t a  bank, it 
is very u s e f u l  t o  have gene ra l  crew requirements  l i s t e d  on 
t h e  data bank for  use i n  making schedul ing  dec i s ions  and 
i d e n t i f y i n g  which crewmen should be ass igned  i n  a given run. 
A dummy resource  name w a s  used f o r  this purpose,  such as 
"SUBJ" , "OBS, It o r  "CM," for  " sub jec t ,  'I "observer ,  'I and 
"crewman, I' r e s p e c t i v e l y .  A l l  dununy r e sources  were used a t  
a f i c t i t i o u s  rate wi th  e f f e c t i v e l y  no l i m i t  on t h e  t o t a l  
rate at which tnese resources  could L e  used. S ince  t h e s e  
dummy resources  had no e f f e c t  on t h e  schedul ing  of a t a sk ,  
they d i d  n o t  nave t o  be d e l e t e d  when a d u p l i c a t e  requirement 
naming a s p e c i f i c  crewman w a s  i n s e r t e d  i n  a run. 

A u s e f u l  c a p a b i l i t y  der ived  from schedul ing  only 
one day a t  a t i m e  is t h a t  a l i m i t  w a s  p l aced  on t h e  number 
of man-hours scheduled i n  each day. One use of  t h i s  device 
w a s  t o  r e s e r v e  4.5 man-hours per day f o r  systems housekeeping 
t a s k s  wi thout  having t o  schedule a l l  of these t a s k s  i n  de ta i l .  
The to ta l  amount of  c r e w  t i m e  requi red  for each experiment 
w a s  inc luded  i n  i t s  t a s k  d e s c r i p t i o n  on t h e  data bank. Each 
schedul ing  run had as one inpu t  an a p p r o p r i a t e  l i m i t  on the 
amount of c r e w  t i m e  a v a i l a b l e  f o r  schedul ing  experiments.  

7. Conclusion 

Many p o t e n t i a l  advantages are a v a i l a b l e  from using 
computers t o  a i d  i n  t h e  schedul ing of mission opera t ions .  
During t h i s  s tudy ,  p r i n t o u t s  of t h e  t a s k  data  bank and mission 
events w e r e  found t o  L e  very use fu l  f o r  r e f e r e n c e  i n  making 
schedul ing  dec i s ions .  T ine l ines  produced uy t h e  ATS are 
a l so  much more complete and p r e c i s e  than  would be p o s s i b l e  
by hand wi thout  a prodigious expendi ture  of t i m e .  I n  
a d d i t i o n ,  once an accep tab le  schedule has been obta ined ,  it 
would probably l e  rauch easier to  make s m a l l  refinetnents by 
ATS re-runs than  i t  would t o  perform the same process  by 
hand. 

For the types  of schedul ing problems t y p i c a l l y  found 
on Skylah missions,  a s i g n i f i c a n t  amount of i n t e r a c t i o n  is 
needed between t h e  f l i g h t  planner  and schedul ing  l y  the ATS. 
F l i g h t  p lanner  i n p u t s  t o  the program dur ing  schedul ing  are 
p r i m a r i l y  d i r e c t e d  toward t h e  fol lowing t w o  goa ls  : 
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(1) schedul ing  tasks i n  a reasonably e f f i c i e n t  manner so as 
t o  complete as many m i s s i o n  ob jec t ives  as p o s s i b l e ,  and ( 2 )  
a s s u r i n g  t h a t  t h e  schedule  meets a l l  requirements  t h a t  are 
n o t  accounted f o r  d i r e c t l y  i n  ATS i n p u t  formats.  

The r equ i r ed  i n t e r a c t i o n  between the f l i g h t  p lanner  
and t h e  f i r s t  v e r s i o n  of t h e  ATS can L e s t  L e  provided by 
d i v i d i n g  up t h e  schedul ing  process  i n t o  s m a l l  segments t h a t  
run independently.  Independent runs covering one mission 
day were chosen i n  t h i s  s tudy  Decause it seemed most n a t u r a l  
t o  make a pre l iminary  o v e r a l l  p lan  of t h e  mission by 
t e n t a t i v e l y  a s s ign ing  t a s k s  t o  s p e c i f i c  mission days. 
Independent runs f o r  each day were a l s o  compatible w i t h  a 
very concise  and readable  format f o r  a t a s k  data bank t o  be 
used i n  a l l  runs.  

Acceptable d a i l y  schedules  can be produced by 
independent runs of t h e  ATS from r e l a t i v e l y  s imple i n p u t s  
as compared t o  t h e  i n p u t  d a t a  t h a t  would be r equ i r ed  t o  
produce the same r e s u l t s  i n  ful l -mission schedul ing.  Bui ld ing  
up a fu l l -miss ion  t i m e l i n e  on a s i n g l e  record  may r e q u i r e  
a complex s t ruc tu re  o f  equ iva len t  t a s k s ,  t a s k  p r i o r i t i e s ,  
consumables data, and a cons iderable  number of schedul ing  
i n s t r u c t i o n s  i n  t h e  t a s k  d e s c r i p t i o n s .  These  complexi t ies  
impede development and modi f ica t ion  of t h e  mission t ime l ine .  
They also r e q u i r e  t h a t  t h e  f l i g h t  p lanner  have s u b s t a n t i a l  
knowledge of the d e s i r e d  schedule i n  order t o  account f o r  
a l l  requirements and schedule  a resonable  number of mission 
ob j e c t i v e s  . 

The s i m p l i c i t y  of t h e  t a s k  d e s c r i p t i o n s  used i n  
t h i s  s tudy  made t h e  product ion  of a demonstrat ion t i m e l i n e  
manageable wi th in  a l i m i t e d  per iod  of t i m e .  T h i s  approach 
nad t h e  disadvantage t ha t  the f l i g h t  p lanner  had t o  keep 
track of  m o s t  t a s k  requirements on h i s  own. I n  a d d i t i o n ,  
a s i g n i f i c a n t  amount of t i m e  was consumed i n  prepar ing  
s e p a r a t e  run decks f o r  each mission day. Despi te  t h e  
s i m p l i c i t y  of the ATS data bank and schedul ing approach used 
i n  t h i s  s tudy ,  a similar t ime l ine  could probably have been 
produced by hand i n  less t i m e  than w a s  r equ i r ed  by computer. 

The I n t e r a c t i v e  Scnedule Generator ( I S G )  w a s  
cons t ruc t ed  by A. U. Baker t o  provide a more direct 
i n t e r a c t i o n  between t h e  f l i g h t  p lanner  and an  updated v e r s i o n  
of t h e  ATS. This program has many advantages such as t he  
c a p a b i l i t y  for  a f l i g h t  p lanner  t o  r e t r i e v e  s e l e c t e d  
informat ion  from ATS data f i l e s  on a remote t e rmina l ,  schedule  
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tasks h imse l f ,  o r  erase a t a s k  from an e x i s t i n g  t i m e l i n e .  
Although some of t he  problems of d a t a  manipulat ion desc r ibed  
above should s t i l l  be improved, t h e  ISG i s  a clear s t e p  i n  
the r i g h t  d i r e c t i o n .  

1025-BHC-li / 
€3. H. Crane 
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